Neutral endopeptidase 24.11 (NEP)/CD10 is a cell-surface peptidase that hydrolyzes various bioactive peptides.
G
estational trophoblastic diseases (GTDs), unusual tumors arising from the trophoblast, are comprised of a spectrum of disease of hydatidiform mole, invasive mole, choriocarcinoma, and placental site trophoblastic tumor (PSTT) (Mazur and Kurman, 1987; Shih et al, 1999) . Although GTDs are known to exhibit excessive trophoblast proliferation and secrete various levels of human chorionic gonadotropin (hCG) (Shih et al, 1999) , the regulatory mechanisms responsible for these phenomena are still unclear. Recently, we have demonstrated that both aminopeptidase N (APN) and aminopeptidase A (APA) are highly expressed on choriocarcinoma cells, and these cellsurface peptidases are involved in the proliferation, differentiation, and hCG secretion of neoplastic trophoblasts (Ino et al, 1994 .
Neutral endopeptidase 24.11 (NEP, neprilysin, enkephalinase, EC 3.4.24.11 ) is also a membrane-bound metallopeptidase that regulates the biological activities of peptide substrates by reducing the local concentrations available for receptor binding and signal transduction (Shipp and Look, 1993) . The human NEP has been cloned and is identical to CD10 (Malfroy et al, 1988; Shipp et al, 1989) , which is expressed on lymphoid progenitors, neutrophils and in some lymphoid malignancies. However, the enzyme is also expressed on a variety of nonhematopoietic cells and certain solid tumor cell lines (Chu and Arber, 2000) . Because NEP cleaves small peptides on the aminoterminal side of hydrophobic amino acids, there are many known NEP substrates including enkephalins, atrial natriuretic factor, substance P, bombesin, and endothelins (Erdös and Skidgel, 1989) . The physiological role of the enzyme depends on available substrates in specific organs and cell types (Shipp and Look, 1993) . The enzyme also regulates peptidemediated cellular proliferation by inactivating bombesin or other neuropeptides that are essential autocrine growth factors for certain human solid tumors (Burns et al, 1999; Cohen et al, 1996; Papandreou et al, 1998; Shipp et al, 1991) .
Recent investigations have shown that NEP is expressed in normal human placental trophoblasts and could be involved in the regulation of the local concentrations of circulating biologically active peptides at the feto-maternal interface, and thus may be involved in pathophysiological changes during pregnancy (Imai et al, 1994; Johnson et al, 1984; Li et al, 1995) . Although the in vivo substrate of NEP expressed by trophoblasts has not yet been identified, NEP may hydrolyze and modulate several specific peptide factors related to trophoblast functions such as endothelin-1 (ET-1) (Vijayaraghavan et al, 1990 ) and gonadotropin-releasing hormone (GnRH) (Flouret et al, 1987; Medeiros et al, 1991) , which may contribute to the regulation of growth, differentiation, and hCG secretion of the trophoblasts.
The above findings prompted us to investigate the expression of NEP/CD10 in GTDs that contain hyperplastic and anaplastic trophoblasts. We report here the differential NEP expression and localization among these tumors and discuss the possible role of this enzyme in neoplastic trophoblast function by modulating specific bioactive peptides.
Results

Expression and Enzymatic Activity of NEP in Choriocarcinoma Cell Lines
Cell-surface levels of NEP/CD10 on four gestational choriocarcinoma cell lines were estimated by FACS analysis using the NEP/CD10-specific mAb. As shown in Figure 1 , NaUCC-1 and NaUCC-3 expressed moderate levels of NEP, and NaUCC-4 expressed the highest level. In contrast, BeWo showed a low level of NEP expression.
NEP enzyme activity in these choriocarcinoma cell lines was examined by assessing the hydrolysis of succinyl-Ala-Ala-Phe-p-nitroanilide in coupled enzyme assay as described in the "Materials and Methods" section. As shown in Figure 2 , the high NEPexpressing cell line NaUCC-4 exhibited a high level of enzyme activity, whereas NaUCC-1 and NaUCC-3 showed moderate activity, and BeWo had minimal Cell-surface expression of NEP/CD10 on choriocarcinoma cell lines. Cells were stained with the PE-labeled NEP/CD10-specific mouse mAb (shaded area) or PE-labeled isotype-matched mouse IgG (open area). FACS analysis was performed on NaUCC-1 (upper left), NaUCC-3 (upper right), NaUCC-4 (lower left), and BeWo (lower right) cells. Mean fluorescence intensity (MFI) values were 111.84 in NaUCC-1, 84.22 in NaUCC-3, 476.73 in NaUCC-4, and 12.24 in BeWo. The MFI value using control mouse IgG was less than 4.0 in all cell lines.
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enzyme activity. These results demonstrated that the cell-surface expression levels of NEP were correlated with enzymatic activity. The NEP activity in these cell lines was completely inhibited by pretreatment with 2 M phosphoramidon, a specific inhibitor of NEP (Fig.  2) , indicating that the enzyme activity detected was NEP and not a related endopeptidase.
Immunoblot Analysis for NEP Protein Expression
Immunoblot analysis was performed using the mouse anti-NEP/CD10 mAb to detect NEP protein expression in trophoblastic tumor cell lines and tissues. NEP protein was detected as a double band with molecular weights of approximately 95 and 100 kDa in the normal placentas used as positive controls (Fig. 3) . The choriocarcinoma cell lines NaUCC-1 and NaUCC-4 showed abundant NEP protein expression as similar double bands, whereas NaUCC-3 and BeWo showed lower NEP expression with a single band of 100 kDa (Fig. 3) .
Tissue samples of three uterine choriocarcinomas and two hydatidiform moles were also examined for NEP expression by immunoblot analysis. As shown in Figure 3 , NEP protein was detected in both hydatidiform mole and choriocarcinoma as a double band similar to that in the normal placenta.
Immunohistochemical Localization of NEP in GTD Tissues
To confirm NEP localization in GTDs, immunohistochemical stainings of formalin-fixed, paraffinembedded tissue sections including six hydatidiform mole, four invasive mole, eight choriocarcinoma, and two PSTT were conducted using the anti-NEP/CD10 mAb. First, we examined NEP immunoreactivity in the normal placenta as a positive control. As shown in Figure 4A , NEP was localized to the syncytiotrophoblast layer of the normal term placenta, consistent with the results of previous reports (Imai et al, 1994; Li et al, 1995; McIntosh et al, 1999) . In this section, no NEP immunoreactivity was observed in the stromal cells or fetal vessels of the placental villi.
In hydatidiform mole, NEP immunoreactivity was detected on the membrane of syncytiotrophoblasts, but not on cytotrophoblasts (Fig. 4B) . Similarly, marked NEP expression was observed on syncytiotrophoblasts, but not on hyperplastic cytotrophoblasts in invasive mole that has moderate proliferative potential between those of hydatidiform mole and choriocarcinoma (Fig. 4C ). In the noninvasive lesions of uterine choriocarcinoma, NEP was also mainly localized on the cell membrane of syncytiotrophoblastic choriocarcinoma cells that were giant, multinucleated cells with fusiform, dense cytoplasm (Fig. 5A ). In contrast, in the NEP enzymatic activity in choriocarcinoma cell lines. Cells were incubated at 37°C in a substrate solution containing 1 mM Suc-Ala-Ala-Phe-pNA in the presence of porcine kidney AP-N, and optical density of the supernatant at 405 nm was measured with a spectrophotometer at appropriate time points. NEP activity was abrogated in all cell lines by treatment with the NEP inhibitor phosphoramidon (ϩPhos) at 2 M. Each point and bar represent the mean and SD of three experiments.
NEP/CD10 Expression in Human GTDs
Laboratory Investigation • November 2000 • Volume 80 • Number 11 sections of myometrial invasion of choriocarcinoma, NEP was not only highly expressed on syncytiotrophoblastic cells, but also diffusely detected on invading anaplastic cytotrophoblasts that were highly proliferative and mononucleated (Fig. 5, B and C) . In addition, no NEP immunoreactivity was observed in adjacent myometrial smooth muscle or stromal cells.
Finally, two PSTT cases, including one primary uterine lesion and one lung metastasis, were examined for NEP expression and localization. As shown in Figure 6 , NEP was diffusely and moderately expressed on infiltrating tumor cells with the features of PSTTspecific intermediate trophoblast in a lung metastatic lesion derived from PSTT. Similar positive staining for NEP was observed in a section of primary uterine PSTT (data not shown).
Discussion
The present results of immunohistochemical analyses demonstrated that NEP/CD10 was mainly localized to syncytiotrophoblasts in the normal term placenta. Our Immunohistochemical localization of NEP/CD10 using anti-NEP mAb. A, Normal term placenta. Note staining in the syncytiotrophoblast layer and general absence of staining in the stromal cells and fetal vessels of the placental villi (original magnification, ϫ100). B, Complete hydatidiform mole. Syncytiotrophoblasts showed positive staining (arrows) in contrast to the complete absence of staining on cytotrophoblasts (arrowheads) (original magnification, ϫ100). C, Invasive mole invading the uterine myometrium. Note intense staining on the membranes of syncytiotrophoblasts (arrows) and absence of staining on hyperplastic cytotrophoblasts (arrowheads) (original magnification, ϫ200).
Figure 3.
Immunoblot analysis of NEP/CD10 using mouse anti-NEP mAb. Proteins (30 g) extracted from normal placental tissues (lanes 1 and 2), choriocarcinoma cell lines (lanes 3 to 6), and trophoblastic tumor tissues (lanes 7 to 11) were separated on SDS/7.5% polyacrylamide gels and electroblotted onto nitrocellulose membranes. NEP protein (arrows) was detected as a double band with molecular weights of approximately 95 and 100 kDa with the exception of two choriocarcinoma cell lines (lanes 4 and 5) that showed a single band of approximately 100 kDa. Lane 1, first trimester chorionic villi; lane 2, term placenta; lane 3, NaUCC-4; lane 4, NaUCC-3; lane 5, BeWo; lane 6, NaUCC-1; lanes 7 to 9, three different choriocarcinoma tissues; lanes 10 and 11, two different hydatidiform mole tissues.
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additional experiments using normal placental tissues obtained at different gestational weeks showed that NEP was present on syncytiotrophoblasts throughout pregnancy, but was weakly or faintly expressed on cytotrophoblasts in the first and second trimester chorionic villi (unpublished data), which is well consistent with other reports (Imai et al, 1994; McIntosh et al, 1999) . A variety of active peptides are known to be NEP substrates in vitro (Erdös and Skidgel, 1989) . It has been shown that NEP regulates the biological activity of the peptide substrates in vivo by modulating their local concentrations available for receptor bind- Immunohistochemical staining of NEP/CD10 in gestational choriocarcinoma tissues. A, Noninvasive lesion of uterine choriocarcinoma. NEP was localized to the cell membrane of syncytiotrophoblastic cells (arrows) and lacked NEP expression in cytotrophoblastic cells (arrowheads) (original magnification, ϫ200). B and C, Choriocarcinoma invading the uterine myometrium. Note intense membrane staining on both anaplastic syncytiotrophoblasts and cytotrophoblasts (original magnification: B, ϫ160; C, ϫ200). ing and signal transduction (Shipp and Look, 1993) . Li et al (1995) demonstrated that NEP was expressed in human placental trophoblasts and could be involved in the regulation of circulating biologically active peptides at the feto-maternal interface. Among the various NEP substrates, several peptide growth factors and peptide hormones could be involved in trophoblastic proliferation and function. For example, GnRH and GnRH receptor were coexpressed in placental trophoblasts and GnRH induced hCG secretion from the trophoblasts via its receptor, indicating the paracrine/ autocrine regulation of hCG secretion by GnRH (Lin et al, 1995; Wolfahrt et al, 1998) . ET-1 was produced and localized in the human trophoblasts (Malassine et al, 1993; Marinoni et al, 1995; Myatt et al, 1992) and ET-1 receptors were also present on the membranes of placental trophoblasts (Mondon et al, 1998; Rutherford et al, 1993) , suggesting a paracrine or autocrine action of ET-1 in trophoblast function. Because NEP regulates the degradation and processing of bioactive peptides such as GnRH and ET-1 (Erdös and Skidgel, 1989; Flouret et al, 1987; Medeiros et al, 1991; Vijayaraghavan et al, 1990) , it is speculated that NEP expressed on the surface of normal syncytiotrophoblast may play a role in the secretion of hCG or other trophoblastic functions by modulating the concentration and receptor binding of these peptides.
In the present study, we showed NEP/CD10 expression by immunohistochemistry, FACS, Western blotting, and enzyme assay in both choriocarcinoma cell lines and GTD tissues including hydatidiform mole, invasive mole, choriocarcinoma, and PSTT. The localization of NEP in GTDs has never been reported. Previous studies showed that NEP/CD10 was highly expressed on some leukemia and melanoma cell lines (Jongeneel et al, 1989 ) and hepatocellular carcinoma cell lines (Dragovic et al, 1994) with NEP enzyme activities. Variable levels of NEP expression and its catalytic activity were also reported in certain human tumor cell lines including lung cancer (Ganju et al, 1994; Shipp et al, 1991) and prostate cancer (Papandreou et al, 1998) . Recent immunohistochemical study in 505 nonhematopoietic neoplasms has demonstrated that NEP/CD10 was frequently expressed in renal cell carcinoma (89%), prostate carcinoma (61%), transitional cell carcinoma (54%), and endometrial stromal sarcoma (100%) (Chu and Arber, 2000) . On the other hand, our preliminary FACS study using gynecologic cancer cell lines showed that NEP was weakly expressed in only one endometrial cancer cell line, but not in six other cell lines including two derived from ovarian cancer, two from cervical cancer, and two from endometrial cancer (Ino et al, unpublished data) . These findings suggest that only choriocarcinoma is a high NEP-expressing tumor among gynecologic malignancies, although the enzyme is expressed widely in neoplasms of the urinary tract.
Our immunoblotting analysis demonstrated NEP protein expression not only in choriocarcinoma cell lines, but also in tissue specimens from the normal placenta and GTD. Interestingly, NEP protein was detected as a double band of 95 and 100 kDa in both the normal placenta and trophoblastic tumors. This was in agreement with one previous report indicating that normal placental NEP appeared as a double band with a molecular weight slightly higher than the 90 kDa single band of the purified kidney NEP (Johnson et al, 1984) . However, most previous studies demonstrated that NEP/CD10 was detected as a 90 to 110 kDa single band in both normal and malignant cell types (Shipp and Look, 1993) . Because NEP is a glycoprotein containing approximately 20% to 25% carbohydrate, there are tissue-specific differences in its molecular weight (Shipp and Look, 1993) . Further, the molecular weight of placental NEP was reduced by neuraminidase treatment, suggesting that the NEP protein contains a large amount of sialic acid (Johnson et al, 1984) . Lorkowski et al (1987) also demonstrated that the NEP precursor (88 kDa) in human fibroblasts was processed to a mature enzyme (94 kDa) containing sialylated oligosaccharides. These observations suggested that the double NEP band with different molecular weight observed in this study was probably due to the differential glycosylation of NEP molecules among the subsets of cyto-, syncytio-, and intermediate trophoblast, because all types of trophoblastic tumor other than PSTT are generally comprised of a heterogeneous mixture of these different cell populations (Kurman et al, 1984) .
Our present data showed the differences in NEP/ CD10 expression and localization between the normal placenta and trophoblastic neoplasms. Invasive mole, which is considered to be intermediate between nonmalignant hydatidiform mole and truly malignant choriocarcinoma, contains hyperplastic trophoblasts with proliferative and invasive potential. We found that NEP was markedly expressed on syncytiotrophoblasts, but not on hyperplastic cytotrophoblasts in invasive mole tissues. In contrast, choriocarcinomas, which contain very anaplastic trophoblasts with highly invasive and metastatic potential, showed higher levels of NEP expression than hydatidiform and invasive moles. Furthermore, NEP was expressed not only on syncytiotrophoblastic choriocarcinoma cells, but also on invading cytotrophoblastic cells, although cytotrophoblasts in the noninvasive choriocarcinoma lesion showed no NEP expression. These findings suggest that NEP expression is increased and its localization is changed with advancement of aggressiveness in GTDs. PSTT is a very rare trophoblastic tumor predominantly composed of intermediate trophoblast that is generally benign but can be highly malignant (Kurman et al, 1984; Mazur and Kurman, 1987) . Although only two cases of PSTT were examined in this study, we clearly demonstrated NEP/CD10 expression in neoplastic intermediate trophoblasts of PSTT.
Recent studies have shown that GnRH, one of the NEP substrates, and its receptor are expressed in choriocarcinoma cell lines (Horvath et al, 1995; Yin et al, 1998) , and GnRH is possibly involved in the hCG secretion of choriocarcinoma cells (Bützow, 1982; Shi et al, 1994) . Interleukin-1 (IL-1), which can be degraded by NEP (Pierart et al, 1988) , is also an important local regulator of hCG secretion by normal and Ino et al malignant trophoblasts (Taniguchi et al, 1992; Yagel et al, 1989) . In the present study, we demonstrated that NEP was localized in the syncytiotrophoblast subset in the normal placenta, hydatidiform mole, and invasive mole, while it was expressed in both syncytiotrophoblastic and cytotrophoblastic cells in the invading choriocarcinoma. Syncytiotrophoblasts are generally specialized for hCG production in the normal placenta and hydatidiform mole, but cytotrophoblasts can also produce hCG in choriocarcinoma (Kurman et al, 1984) . Okamoto et al (1994) demonstrated that NEP effectively regulates the interaction of the peptide with its receptor only when the enzyme is colocalized in the same cell as the peptide receptor. Taken together, our results lead to the hypothesis that NEP colocalized with the receptors of GnRH and/or other hCGstimulatory mediators including IL-1 may process these peptides (cytokines) and modulate their receptor binding, which may possibly contribute to the regulation and maintenance of hCG secretion from trophoblastic tumors. Further studies are required to clarify the interaction between NEP and the peptide substrates (and their receptors) on normal and neoplastic trophoblasts.
It has been demonstrated that a balance between biologically active (stimulatory or inhibitory) peptides and cell-surface peptidases might have regulatory effects on the behavior and function of certain malignancies (Shipp and Look, 1993) . In this study, NEP/ CD10 over-expression was possibly correlated with malignant progression in trophoblastic tumors. Increased expression of NEP in hepatocellular carcinoma has also been reported to be correlated with malignant transformation (Dragovic et al, 1994) . Similarly, over-expression of APN/CD13 was directly involved in tumor invasion of renal cell cancer and melanoma (Fujii et al, 1995; Saiki et al, 1993) or in tumor proliferation of choriocarcinoma (Ino et al, 1994) . Our recent studies have shown the upregulated expression of APA in choriocarcinoma and invasive cervical cancer (Fujimura et al, 2000) . In contrast, decrease or loss of NEP/CD10 compared with normal cellular counterparts was reported in certain malignant tumors such as lung cancer (Cohen et al, 1996; Shipp et al, 1991) and prostate cancer (Papandreou et al, 1998) . Dipeptidyl peptidase IV/CD26 was also down-regulated during melanoma progression (Wesley et al, 1999) . Recently, Papandreou et al (1998) proposed two basic mechanisms of cell-surface peptidase involvement in the malignant process: (a) loss of function, resulting in an inability of the tumor cell to inactivate a stimulatory peptide; and (b) gain of function, resulting in the activation/processing of a stimulatory peptide or the inactivation of an inhibitory peptide, otherwise adjusting the concentration (activity) of peptide mediators available for receptor binding and signal transduction to the optimal conditions. The NEP over-expression in choriocarcinoma reported here may be due to the latter mechanism, by which NEP could contribute to the regulation of neoplastic trophoblast functions including hCG secretion. Thus, whether NEP as well as other membrane-bound peptidases is up-regulated or down-regulated with malignant transformation and tumor progression might be dependent on the tumorlineage or on the type of target peptide substrates (stimulatory or inhibitory).
In summary, hyperplastic and anaplastic trophoblasts from hydatidiform mole, invasive mole, choriocarcinoma, and PSTT expressed significant levels of NEP/CD10 and showed its differential localization among these GTDs. Investigations into the function of NEP on normal and malignant trophoblasts could be of help in gaining deeper insights into behavior and progression of GTDs.
Materials and Methods
Cell Lines and Cell Culture
Four human gestational choriocarcinoma cell lines were used. NaUCC-1, NaUCC-3, and NaUCC-4 were established and characterized in our laboratory (Ino et al, 1991; Sugiura et al, 1988) . NaUCC-1 was derived from a brain metastasis of gestational choriocarcinoma and NaUCC-4 was derived from a lung metastasis, whereas NaUCC-3 was derived from a primary uterine choriocarcinoma lesion. BeWo was established by Pattillo and Gey (1968) . All cell lines were maintained in either RPMI 1640 medium (Sigma Chemical Co., St. Louis, Missouri) or Dulbecco's modified eagle's medium (DMEM, Sigma) supplemented with 10% heat-inactivated fetal calf serum (FCS, JRH Biosciences, Lenexa, Kansas), penicillin (100 U/ml), and streptomycin (100 g/ml) at 37°C in a humidified 5% CO 2 atmosphere.
Tissues
Twenty tissue specimens of gestational trophoblastic diseases (GTDs) were obtained from patients who were surgically treated at Nagoya University Hospital between 1990 and 1998. The specimens were classified based on their histopathological characteristics as complete hydatidiform mole (n ϭ 6), invasive hydatidiform mole (n ϭ 4), choriocarcinoma (n ϭ 8), and placental site trophoblastic tumor (PSTT) (n ϭ 2). None of the patients had prior chemotherapy for the disease before surgery with the exception of one PSTT case. In addition, 10 samples of normal placentas with different gestational ages ranging from 8 -39 weeks were obtained from women who underwent therapeutic abortions or selective cesarean sections. All tissue samples were fixed in 10% formaldehyde, embedded in paraffin, and routinely stained with hematoxylin and eosin for histological examination. Some of the tissue samples were washed with phosphate-buffered saline (PBS) and snap frozen in liquid nitrogen immediately after removal, then stored at Ϫ80°C until use for protein extraction. All samples were obtained according to the protocols approved by the Institutional Review Board (IRB) and the Ethics Committee of Nagoya University, School of Medicine.
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Flow Cytometric Analysis
Fluorescence-activated cell sorting (FACS) was performed to quantify NEP/CD10 expression on the choriocarcinoma cell surface. Cells in the logarithmic phase of cell growth were prepared at 1ϫ10 6 /ml in PBS and stained with phycoerythrin (PE)-conjugated anti-NEP/CD10 monoclonal antibody (mAb) (Pharmingen, San Diego, California) or PE-labeled isotypematched control mouse IgG (Coulter, Hialeah, Florida) for 1 hour at 4°C. After three washes, cells were resuspended in PBS. FACS data were acquired on an FACS Calibur (Becton Dickinson, San Jose, California) and analyzed using CELLQuest software (Becton Dickinson). Dead cells and debris were excluded from analysis by the window set. Ten thousand cells were analyzed in one parameter mode. Each assay was performed three times.
Assay for Enzymatic Activity of NEP
Cell-surface NEP activity in each cell line was measured spectrophotometrically by a coupled assay as reported by Shipp et al (1989) and Papandreou et al (1998) with minor modifications. Briefly, whole cell suspensions (5 ϫ 10 5 /ml) were prepared in 15 ml test tubes by trypsinization from subconfluent cultures, washed with PBS, and resuspended in 1 ml of prewarmed 1 mM succinyl-Ala-Ala-Phe-p-nitroanilide (Suc-Ala-Ala-Phe-pNA) (Bachem Bioscience Inc., King of Prussia, Pennsylvania) as a substrate in 0.1 M Tris-HCl (pH 7.6) in the presence of 10 l (20 units/ml) porcine kidney aminopeptidase N (AP-N, Boehringer Mannheim, Indianapolis, Indiana). After vortex mixing, samples were incubated at 37°C with continuous agitation. In this coupled activity assay, NEP cleaves Suc-Ala-Ala-Phe-pNA between Ala and Phe, yielding Phe-pNA. AP-N subsequently cleaves Phe-pNA, generating pNA as the final product. At appropriate time points, the reaction was terminated by addition of two volumes of ice-cold PBS and the solution was collected. After centrifugation for 5 minutes at 4°C, optical density of the supernatant at 405 nm was measured with a spectrophotometer (Multiskan Bichromatic, Labsystems, Helsinki, Finland). Cell-free (substrate alone or substrate with AP-N) and substrate-free blanks were run in parallel. All assays were conducted in triplicate and repeated three times. To confirm the specificity of the assay, in some experiments, cells were preincubated with the NEP inhibitor phosphoramidon (Peptide Institute, Osaka, Japan) at 2 M at 37°C for 10 minutes, followed by analysis as described above.
Immunoblot Analysis
The frozen tissue samples were homogenized with a motor-driven Teflon pestle for 10 minutes on ice in lysis buffer composed of 150 mM NaCl, 20 mM Tris (pH7.5), 5 mM EDTA, 1% Nonidet P-40 containing 1 mM phenylmethylsulfonyl fluoride, and 2 g/ml aprotinin. Cellular protein lysates were also prepared from subconfluent culture in the same lysis buffer at 4°C for 30 minutes. Tissue extracts and cell lysates were cleared by centrifugation at 15,000 ϫg for 30 minutes at 4°C and stored at Ϫ80°C. Western blotting was carried out according to the method reported previously (Ino et al, 1994) . Protein extract (30 g) was separated by SDS/7.5% polyacrylamide gel electrophoresis (PAGE), transferred onto nitrocellulose membranes, and immunoblotted with the anti-NEP/CD10 mAb NCL-CD10 -270 (clone 56C6, Novocastra Laboratories, Newcastle, United Kingdom) at a dilution of 1:50. The biotinylated secondary antibody (Vector Laboratories, Burlingame, California) was used at 1:200 dilution. Immunoreactive proteins were stained by the avidin-biotin-peroxidase complex method (Vector). SDS-PAGE prestained standard (Bio-Rad, Hemel Hempstead, United Kingdom) was used as a molecular mass marker. In negative control experiments, the primary antibody was replaced with normal mouse IgG.
Immunohistochemistry
Immunohistochemical staining was performed using the avidin-biotin immunoperoxidase technique. Sections were cut at a thickness of 4 m. For antigen unmasking and epitope retrieval, deparaffinized sections in 0.01 M citrate buffer were treated three times for 5 minutes at 90°C at 750 W with an H2500 microwave oven (M&M, Tokyo, Japan). Endogenous peroxidase activity was blocked by incubation with 0.3% H 2 O 2 in methanol for 15 minutes, and nonspecific immunoglobulin binding was blocked by incubation with 10% normal goat serum in PBS for 10 minutes. The primary antibody (NCL-CD10 -270, Novocastra) diluted in PBS (1:50) was added to the tissue sections and incubated overnight in a moist chamber at 4°C. This newly developed mAb has been proved to be highly efficient for immunostaining of CD10 even in paraffin-embedded tissues after heat-induced epitope retrieval (Kaufmann et al, 1999; McIntosh et al, 1999) . The sections were rinsed with PBS and incubated for 30 minutes with biotinylated goat antimouse IgG (Nichirei, Tokyo, Japan) at a dilution of 1:300 at room temperature. After washes with PBS, the sections were incubated for 30 minutes with horseradish peroxidase-conjugated streptavidin (Histofine SAB-PO; Nichirei). Then the sections were treated with 3-amino-9-ethylcarbazole (AEC, Nichirei) as a chromogen in PBS containing 0.01% H 2 O 2 for 10 to 15 minutes. The slides were counterstained with Meyer's hematoxylin. As negative controls, the primary antibody was replaced with normal mouse IgG at an appropriate dilution. Staining intensity was estimated using an Olympus light microscope (Olympus Optical Company, Tokyo, Japan).
